(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



O 
O 



3 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
2 August 2001 (02.08.2001) 




11(111111] 



111 



PCT 



(10) International Publication Number 

WO 01/54594 Al 



(51) International Patent Classification 7 : A61B 17/115, 

17/11 

(21) International Application Number: PCT/EPOO/13186 

(22) International Filing Date: 

22 December 2000 (22. 12.2000) 



(25) Filing Language: 

(26) Publication Language: 
(30) Priority Data: 



English 
English 



P 0000222 



24 January 2000 (24.0 1 .2000) HU 



(71) Applicant (for all designated States except US): 
ETHICON ENDO-SURGERY (EUROPE) GMBH 
[DE/DE]; Hummelsbutteler Steindamm 71, 22851 Norder- 
stedt (DE). 



(72) Inventors; and 

(75) Inventors/Applicants (for US only): CSIKY, LSszlo 
[HU/HU]; Stromfeld Aurel ut 69, H-9700 Szombathely 
(HU). NEUROHR, Mark [US/DE]; Eilenau 12, 22087 
Hamburg (DE). BELOTTI, Federico [IT/DE]; Grot Sahl 
66, 22559 Hamburg (DE). 

(74) Agents: BOTH, Georg et al.; Uexkull & Stolberg, Besel- 
erstrasse 4, 22607 Hamburg (DE). 

(81) Designated States (national): AE, AL, AM, AT, AU, AZ, 
BA, BB, BG, BR, BY, CA, CH, CN, CR, CU, CZ, DE, DK, 
DM, EE, ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, 
IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, 
LV, MA, MD, MG, MK, MN, MW, MX, NO, NZ, PL, PT, 
RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, TR, TT, TZ, UA, 
UG, US, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 

[Continued on next page] 



^= (54) Title: SURGICAL STAPLING INSTRUMENT 



If) 



O 




(57) Abstract: A surgical stapling instrument comprises a 
frame having a body portion and a handle. A staple fasten- 
ing assembly is provided in the distal region of the instru- 
ment and includes a cartridge device (5), which comprises 
at least one closed row of staples, and an anvil (1). The anvil 
(1) is moveable relative to the cartridge device (5) and is 
adapted to cooperate with the cartridge device (5) for form- 
ing the ends of the staples exiting from the cartridge device 
(5). A knife (7), which has a closed cutting edge, is con- 
tained within the cartridge device (5) and is positioned such 
that there is at least one closed row of staples on the outside 
of the cutting edge. It can be moved towards the anvil (1). 
The line defining the closed row of staples has a wavy shape 
(6, 2), leaving a plane perpendicular to the longitudinal axis 
of the staple fastening assembly, such that the line defining 
the closed row of staples has a larger total length than the 
projection of this line onto said plane. This provides greater 
flexibility of the anastomotic side and less tension during in- 
strument removal, alleviating the incidence of clinical com- 
plications. 
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Surgical stapling- instrument 

The invention relates to a surgical stapling instrument, which 
can be used for applying surgical staples or clips to tissue and 
in particular for performing an anastomosis. 

5 Generally, in the performance of a surgical anastomotic stapling 
operation, two pieces of lumen or tubular tissue, e.g., intesti- 
nal tissue, are attached together by a closed row of staples. In 
performing the anastomosis with a surgical stapling instrument, 
the two pieces of tubular tissue are clamped together between an 

10 anvil provided with an array of staple forming grooves and a 
staple holder or cartridge device provided with a plurality of 
staple receiving slots arranged in a closed row or array in 
which the staples are received. A staple pusher is advanced to 
drive the staples into the tissue and form the staples against 

15 the anvil. Moreover, a circular knife is advanced to cut the 
excess tissue clamped between the anvil and the staple holder. 
As a result, the donut-shaped section of tissue is severed from 
each lumen and remains on the anvil shaft. The tubular tissue 
joined by the closed row of staples is undamped by moving the 

20 anvil relative to the staple holder, usually by advancing the 
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anvil shaft distally to move the anvil away from the staple 
holder. The stapling instrument is removed by pulling the anvil 
through the opening between the pieces of tubular tissue atta- 
ched by the array of staples. 

5 

Surgical stapling instruments of this kind are well-known. For 
example, U.S. patent No. 5 205 459 describes such an instrument 
in detail. As usual, the closed row of staples of the instrument 
disclosed has a planar, circular shape. U.S. patent No. 5 275 
10 322 is a document showing a basic version of a circular stapling 
instrument . 

Although the use of the known surgical stapling instruments is., 
very beneficial and greatly facilitates the performance of an 

15 anastomosis, it involves some problems. Often it is difficult to 
retract the instrument from the site of the operation, because 
it is difficult to move the anvil through the opening bordered 
by the closed row of staples, which is somewhat stiff. Moreover, 
after the operation, the incidence of clinical stenosis at the 

20 site of the anastomosis is not rare. 

The object of the invention is to provide a surgical stapling 
instrument for performing an anastomosis, in which said instru- 
ment is capable of being removed from the anastomotic site with- 
25 out applying unwanted tissue tension and, in doing so, which 
reduces the risk of undesirable clinical complications during 
the healing process. 

This object is achieved by a surgical stapling instrument having 
30 the features of claim 1. Advantageous versions of the invention 
follow from the dependent claims. Claims 17 to 21 are directed 
to components of such instrument. 

The surgical stapling instrument according to the invention 
35 comprises a frame having a body portion and a handle as well as 
a staple fastening assembly in the distal region of the instru- 
ment. The staple fastening assembly includes a cartridge device, 
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which comprises at least one closed row of staples, and an an- 
vil. The anvil is movable relative to the cartridge device and 
is adapted to cooperate with the cartridge device for forming 
the ends of the staples exiting from the cartridge device. A 
5 moving device is adapted to move the anvil relative to the car- 
tridge device. A staple driving device is adapted to drive the 
staples out of the cartridge device towards the anvil. A knife, 
which has a closed cutting edge, is contained within the car- 
tridge device and is positioned such that there is at least one 
10 closed row of staples on the outside of the cutting edge. A 
knife actuating device is adapted to move the knife towards the 
anvil. So far, these features are known from the prior art, 
e.g., from U.S. patent No. 5 205 459. 

15 According to the invention, the line defining the closed row of 
staples has a wavy shape, leaving (i.e. not being confined to) 
a plane perpendicular to the longitudinal axis of the staple 
fastening assembly, such that said line defining the closed row 
of staples has a larger total length than the projection of said 

20 line onto said plane. Preferably, this projection is circular. 

The wavy shape of the line defining the closed row of staples 
can include two complete waves (i.e. two peaks and two valleys), 
but a number different from two is possible as well. 

25 

Thus, the line defining the closed row of staples has a larger 
total length than the line defining the plane array of staples 
of a prior art surgical stapling instrument in which the car- 
tridge device has about the same size. Consequently, the length 

30 of the anastomosis seam is larger than that of an anastomosis 
performed by means of a conventional stapling instrument. Becau- 
se of this increased length, the anastomotic site can assume a 
larger diameter and is more flexible, so that the anvil can be 
easily moved through the opening created by the knife, and the 

35 surgical stapling instrument can be retracted at the end of the 
operation more easily. Additionally, the resulting larger ana- 
stomosis lumen will alleviate the incidence of clinical compli- 
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cations. On the other hand, if it is sufficient that the total 
length of the line defining the closed row of staples is compa- 
rable to that provided by a conventional stapling instrument, 
the invention allows the use of a smaller instrument, which 
5 generally can be easier inserted into the tubular organ and 
removed therefrom. 

Preferably, the anvil has a wavy- shaped staple -forming surface 
which matches the wavy shape of the line defining the closed row 
10 of staples . 

Whereas it is conceivable that the knife has a conventional 
(cylindrical) basic shape with a circular cutting edge, in a 
preferred version of the invention the line defining the cutting 
15 edge of the knife is wavy- shaped and runs essentially in par- 
allel to the line defining the closed row of staples. In this 
design, the knife has to be moved by a short distance only in 
order to cut the tissue clamped in between the cartridge device 
and the anvil. 

20 

In an advantegeous version of the invention, the staple driving 
device is adapted to drive the staples out of the cartridge 
device such that each staple is moved essentially along a line 
which is locally perpendicular to the line defining the closed 

25 row of staples. This implies that each of the staples exiting 
from the cartridge device penetrates the tissue essentially in 
a perpendicular direction with respect to the local area of the 
tissue, so that a respective staple passes through the tissue 
along a relatively short distance. Another advantage is that 

3 0 forces resulting from obliquely driven staples and tending to 
displace stapled tissue parts with respect to each other do not 
occur. However, with the wavy shape of the line defining the 
closed row of staples, generally the staples must be driven and 
formed at varying angles from the plane perpendicular to the 

35 longitudinal axis of the staple fastening assembly. This adds 
complexity to the staple driving device, and a simple axial 
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drive mechanism, like in conventional stapling instruments, is 
generally not sufficient. 

Preferably, the staple driving device comprises first pushers 
5 adapted to be moved essentially parallel to the longitudinal 
axis of the staple fastening assembly for driving the staples 
located at the peaks and/or in the valleys of the wavy- shaped 
line defining the closed row of staples. That implies a general- 
ly simple design, but does not work for driving staples which 
10 are not located at or close to the peaks and/or the valleys of 
this wavy-shaped line. 

In an advantageous version, the staple driving device also com- 
prises second pushers having a sloped cam surface, each engaging 

15 at an intermediate element, which is guided in a slot and adap- 
ted to push a staple guided in a slot, wherein the staple dri- 
ving device is adapted to move the second pushers essentially 
parallel to the longitudinal axis of the staple fastening assem- 
bly for driving staples located in the areas between the peaks 

20 and the valleys of the wavy-shaped line defining the closed row 
of staples via the intermediate elements in a non-parallel man- 
ner with respect to said longitudinal axis . This design enables 
a translation of an axial movement of the second pushers, which 
can be easily transmitted, e.g. along the body portion or the 

25 shaft of the stapling instrument, into an oblique movement re- 
quired by the staples in question. Moreover, the sloped or wed- 
ge-like cam surface of the second pushers has the mechanical 
advantage that the operator or surgeon requires a reduced force 
to drive the staples in question through the tissue (i.e. to 

3 0 "fire" these staples) . Preferably, each second pusher has two 
sloped cam surfaces and is adapted to drive two staples towards 
the anvil, in different directions. A symmetry of the cam surfa- 
ces of a second pusher has the benefit of balancing of reaction 
forces and reducing friction, thus allowing for a more efficient 

35 instrument. 
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Preferably, the first pushers are arranged to drive the staples 
of a first closed row of staples and the second pushers are 
arranged to drive the staples of a second closed row of staples, 
the staples of said first row and of said second row being stag- 
5 gered to each other. Moreover, the staple driving device can be 
arranged to drive the staples of the first closed row of staples 
and the staples of the second closed row of staples at different 
instants. In comparison to conventional stapling instruments, in 
which all staples are fired simultaneously, a reduced force is 
10 required by the surgeon to fire the staples due to the stagger 
of the peak staple formation load of the first row and the se- 
cond row of staples. 

The first pushers and/or the second pushers can be individually 
15 shaped, but they can also be integrally combined in a sleeve 
structure. 

Preferably, the anvil comprises a counterpart adapted to acco- 
modate the cutting edge of the knife. The counterpart preferably 
20 matches the wavy shape of the anvil and/ or the knife. Such coun- 
terparts, which exert a reaction force onto the tissue during 
the cutting action and are cut by the knife, are generally known 
in the prior art, see, e.g., US 4 289 133. 

25 In an advantageous version of the invention, the staple faste- 
ning assembly is removably mounted in the distal end region of 
the body portion. This enables, e.g., the staple fastening as- 
sembly to be exchanged during a surgical operation or to be 
designed as a disposable part (whereas the frame including a 

30 major part of the mechanical components is sterilizable and re- 
usable) . Moreover, the cartridge device can comprise a removable 
cartridge containing the staples, such that, e.g., an empty 
cartridge can be replaced by a fresh one, if required, or the 
cartridge device can be designed as a re-usable component. Pre- 

35 ferably, the anvil is removable as well, which is also essential 
for certain surgical techniques. To this end, the anvil can 
comprise a shaft fitting onto a peg protruding from the cartrige 
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device. The peg preferably comprises a mandrel which is useful 
for piercing tissue in certain surgical techniques. These featu- 
res are generally known from the prior art surgical stapling 
instruments. 



Generally, the term "staple" is used herein in a very general 
sense. It includes metal staples or clips, but also surgical 
fasteners made of synthetic material and similar fasteners. 
Synthetic fasteners usually have a counterpart (retainer member) 
10 held at the anvil. In this sense, the term "anvil" also has a 
broad meaning which includes, in the case of two-part synthetic 
fasteners, the anvil-like tool where the retainer members are 
held, and similar devices. 

15 In the following, the invention is described in more detail by 
means of embodiments. The drawings show in 

Figure 1 a schematic isometric view of the staple fastening 



5 



20 



assembly of a first embodiment of the surgical 
stapling instrument according to the invention, 
the anvil being removed from the cartridge device 
(open position) , 



25 



Figure 2 



isometric representations of the geometry of a 
(circular) intestine seam made by (A) a conven- 
tional surgical stapling instrument having a plane 
staple line and (B) the surgical stapling instru- 
ment of Figure 1 having a wavy- shaped staple line, 



30 Figure 3 



a schematic view of the instrument of Figure 1 
when it is inserted into the intestine (rectum) 
and the anvil is closed, a wavy- shaped intestinal 
seam being shown, 



35 Figure 4 



a view similar to Figure 3, the intestinal seam 
being shown in a plane state, when it has a 
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Figure 5 



Figure 6 



10 Figure 7 



functionally longer perimeter, and the anvil being 
represented in an open position, 

a side view of a second embodiment of the surgical 
stapling instrument according to the invention, 

a magnified view of the distal end section of the 
stapling instrument of Figure 5, 

an isometric view onto the staple- forming face of 
the anvil of the stapling instrument of Figure 5, 



Figure 8 



15 



Figure 9 



20 Figure 10 



25 



Figure 11 



Figure 12 



30 



Figure 14 



35 



Figure 15 



an isometric view of the circular knife and its 
counterpart of the stapling instrument of Figure 
5, 

a partially sectional view of the counterpart of 
Figure 8, 

a side view of the distal section of the staple 
driving device of the stapling instrument of Figu- 
re 5, 

a top view of the staple driving device of Figure 
10, 

and Figure 13 close-up views of details of the 
staple driving mechanism of the stapling instru- 
ment of Figure 5, 

an isometric view of the end section of the staple 
driving device of another embodiment of the surgi- 
cal stapling instrument according to the inven- 
tion, and . 

a side view of the end section of the staple dri- 
ving device of Figure 14. 
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Figures 1 to 4 illustrate the basic concept and the function of 
the surgical stapling instrument according to the invention by 
means of an embodiment. Figure 1 shows the distal end section of 
the stapling instrument. 

5 

As can be seen- in Figure 1/ a wavy-shaped staple- forming face 2 
(having a circular cross section) of an anvil 1 and a wavy- 
shaped end face 6 of a cartridge device 5 (having a circular 
cross section as well) can be fitted to each other. The connec- 

10 tion of the anvil 1 and the cartridge device 5 is ensured by a 
shaft 3 rigidly fasted to the anvil 1 and a lowerable and raisa- 
ble peg 4 (which comprises a mandrel) accommodated in the center 
of the cartridge device 5. A cutter (knife) 7 having a wavy- 
shaped cutting edge is positioned within the cartridge device 5. 

15 In Figure 1, two closed rows of staples, which follow the wavy- 
shaped end face 6 of the cartridge device 5, are indicated by 
short dashes. 

The stapling instrument of Figure 1 is operated in the following 
20 way: In the usual manner, the anvil 1 is inserted into the oral 
end 11 of the intestine (rectum) of a patient, and the cartridge 
device 5 is inserted into the aboral end 12 of the intestine 
(rectum) (Figure 3) . Following this, peg 4 is attached to sleeve 
3 and then, by lowering peg 4, the wavy- shaped staple- forming 
25 face of anvil 1 and the wavy- shaped end face 6 of the cartridge 
device 5 are moved towards each other. After this, using the 
staples (clips) situated in the cartridge device 5, a wavy- 
shaped intestine seam is completed by "firing 11 the instrument. 
At the same time, the wavy- shaped cutter 7, which has a circular 
3 0 cross section, cuts out the unnecessary intestine parts. By 
raising peg 4, the instrument is opened and the anvil can be 
conveniently pulled through the intestine seam 10, which is able 
to functionally stretch to a longer perimeter (Figure 4) . 

35 Figure 2 schematically illustrates the plane intestine seam 8 
made by a conventional circular stapling instrument (part A) and 
the wavy- shaped* intestine seam 9 made by the stapling instrument 
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of Figure 1 (part B) . It is evident that only intestine seam 9 
allows for a larger -diameter passageway, as shown in Figure 4. 
This facilitates the removal of the instrument and reduces the 
risk of developing seam insufficiency and stricture of the 
5 intestine seam. 

Another embodiment of the surgical stapling instrument according 
to the invention is explained by means of Figures 5 to 13. 

10 Figure 5 is a side view of the complete surgical stapling in- 
strument 20. The stapling instrument 20 comprises a frame having 
a body portion including a shaft 22 and a handle 26. A staple 
fastening assembly 24 is mounted at the distal end of the shaft 
22. In the embodiment, the staple fastening assembly 24 can be 

15 removed from the shaft 22 and replaced by another one, if desi- 
red. 

An actuator grip 28 is located in the proximal region of the 
stapling instrument 20. It can be swivelled towards handle 26 in 

20 order to "fire" the stapling instrument 20,. i. e. in order to 
operate the staple driving device and the knife actuating device 
of the internal mechanism of the stapling instrument. A knob 29 
can be rotated in order to axially shift a mandrel comparable to 
the peg 4 of Figure 1, in order to open or close the staple 

25 fastening assembly 24, i. e. in order to move the anvil of the 
stapling instrument 20. 

Generally, the overall design and the mechanical components and 
drive mechanisms of the stapling instrument 20 are as in conven- 
3 0 tional circular stapling instruments; the three-dimensional 
shape of the staple lines and some details of the staple driving 
device, however, are different, as explained in the following. 

Figure 6 is a magnified view of the staple fastening assembly 24 
35 attached to the shaft 22. The staple fastening assembly 24 in- 
cludes a cartridge device 30 and an anvil 32. The cartridge 
device 3 0 comprises a removable cartridge containing two closed 
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rows of staples. The end face 34 of the cartridge device has a 
wavy shape, as indicated in Figure 6. Thus, the lines defining 
the closed rows of staples, which essentially follow the end 
face 34, have a wavy shape as well and are not confined to a 
5 plane perpendicular to the longitudinal axis of the staple fas- 
tening assembly 24, as in conventional stapling instruments. The 
anvil 32 has a staple -forming face 36 which is wavy-shaped as 
well and matches the wavy shape of the end face 34 of the car- 
tridge device 30, see Figure 6. 

10 

Figure 7 is an isometric representation of the anvil 32, viewed 
onto the staple- forming face 36. The staple- forming face 36 
comprises a plurality of staple- forming grooves 38, which are 
arranged in a first closed row 40 on the inner side and a second 

15 closed row 42 on the outer side. The staple- forming grooves 38 
follow the wavy shape. They also indicate the positions of the 
corresponding staples in the cartridge device 30, which are 
arranged in an inner first closed row and an outer second closed 
row, the individual staples of the rows being staggered to each 

20 other. In the embodiment, the wavy shape includes six full wave- 
lengths with peaks at 44 and valleys at 46, see Figure 7. Here, 
the designations "peak" and "valley" are relative to. the wavy 
shape of the lines defining the closed rows of staples. 

25 The anvil 32 comprises a hollow shaft 48 which can be attached 
to a peg comprising a mandrel extending along the longitudinal 
axis of the cartridge device 30, similar to the embodiment shown 
in Figure 1. A clip mechanism 49 serves to lock the shaft 48 at 
the mandrel. 

30 ' 

Figure 8 illustrates a knife 50 having a closed and wavy- shaped 
cutting edge 52. By means of a mounting flange 54, the knife 50 
is attached to a knife actuating device such that the knife 50 
is contained within the cartridge device 3 0 on the inside of the 
35 inner closed row of staples. The peaks and valleys of the wavy 
shape of the cutting edge 52 are aligned to the peaks and val- 
leys of the end face 34 of the cartridge device 30. Via the 
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knife actuating device, the knife 50 can be moved towards the 
anvil 32 , when the actuator grip 28 is operated, like in a con- 
ventional stapling instrument. 

5 The anvil 32 includes a counter-part 56 which is aligned to the 
knife 50 when the anvil 32 is attached to the cartridge device 
30, see Figure 8 and Figure 7. The counterpart 56 is preferably 
made of a plastic material and comprises two side walls 57 and, 
at the wavy- shaped end face 58,. a thin wall 59, see Figure 9. 
10 During the initial instance of the cutting action, the wall 59 
supports the tissue to be cut by the knife 50, and afterwards 
the cutting edge 52 penetrates the wall 59. 

Figure 10 is a side view of the distal section of the staple 
15 driving device 60 of the stapling instrument 20. When the actua- 
tor grip 28 is operated, the staple driving device 60 is moved 
in the direction of the arrow shown in Figure 10, which causes 
the staples to penetrate the tissue clamped in between the car- 
tridge device 3 0 and the anvil 32. In contrast to conventional 
20 staple driving devices, not all of the staples are driven in 
axial direction, i. e. in the direction of the arrow in Figure 
10, because it is intended to move the individual staples in a 
direction which is essentially perpendicular to the local sur- 
face of the end face 34 of the cartridge device 30. 

25 

In the staple driving device 60, an actuator shaft 62 guided 
inside shaft 22 supports a base plate 64 which is reinforced by 
ribs 65. As shown in Figures 10 and 11, two rows of pushers 
emerge from the base plate 64, i. e. a circular row of a total 

3 0 of twelve first pushers 66, 67 on the inside and a circular row 
of a total of six second pushers 68 on the outside. The first 
pushers include long ones 66 located at the positions of the 
peaks of the line defining the first closed row of staples and 
short ones 67 located at the positions of the valleys of this 

35 line. All of the second pushers 68 have the same shape and 
include a sloped cam surface 70 and a sloped cam surface 71, see 
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Figure 10. Each of the second pushers 68 is located close to one 
of the first pushers 66, see Figure 11. 

Figure 12 is a magnified longitudinal section which illustrates 
the operation of one of the first pushers, in this case of a 
first pusher 67 used to drive a staple 72 located at a valley of 
the line defining the first closed row of staples. The staple 72 
comprises two pointed ends 74 pointing towards the corresponding 
staple -forming groove 38 at the staple -forming face 36 of anvil 
32. Staple 72 is guided inside a slot 76 provided in the 
material of the cartridge device 30. When the staple driving 
device 60 is advanced in distal direction, i. e. towards the 
anvil, the first pusher 67 moves up and drives the staple 72 
through the tissue clamped in between the end face 34 of the 
cartridge device 30 and the anvil 32, until the free ends 74 of 
the staple 72 are formed by means of the staple- forming groove 
38. 

A first pusher 66 located at a peak of the staple line works in 
the same, conventional manner. Since the staples 72 of the first 
closed row of staples are located at the peaks and valleys of 
the staple line, a conventional drive mechanism including an 
axial movement of the first pushers 66, 67 achieves the desired 
effect that the staples locally penetrate the tissue in a per- 
pendicular manner. 

Figure 13 illustrates the operation of a second pusher 68 which 
is used to drive a staple 80 of the second closed row of staples 
via the sloped cam surface 70 and at the same time another stap- 
3 0 le of the second closed row via its other sloped cam surface 71 
(see Figure 10) . The simultaneous action of the sloped cam sur- 
face 71 is not shown in Figure 13, however. 

The staple 80 is located in between a peak and a valley of the 
35 staple line. In order to achieve a locally perpendicular drive 
direction, the pointed ends 82 of the staple 80 have to be moved 
in a non-axial manner towards the corresponding staple- forming 
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groove 38 provided in anvil 32. To this end/ the staple 80 is 
guided in a slot 84 which also guides a flat intermediate ele- 
ment 86. The intermediate element 86 has a bottom side 88 capa- 
ble of sliding along the sloped cam surface 70. When the second 
5 pusher 68 is moved in axial direction, the sloped cam surface 70 
pushes the intermediate element 86 which drives the staple 80. 
In order to allow for a translation of the axial movement of the 
second pusher 68 into the oblique driving direction of staple 
80, the bottom side 88 slides along the sloped cam surface 70. 

10 

As already indicated, a second staple 80 is advanced via another 
intermediate element sliding along the other sloped cam surface 
71 of the second pusher 68. Thus, any non-axial forces arising 
when the staples 80 are driven through tissue largely compensate 
15 each other. The sloped cam surfaces 70, 71 have the additional 
advantage that they act like wedges which reduce the overall 
force to be exerted by the surgeon when the stapling instrument 
20 is operated. 

20 In the embodiment, the lengths of the first pushers 66, 67 and 
of the second pushers 68 are adjusted such that the staples of 
the first closed row of staples and the staples of the second 
closed row of staples are driven through the tissue at different 
instants, which further reduces the peak load or the maximum 

25 force required when the stapling instrument 20 is operated. 

Figures 14 and 15 show another embodiment of the distal section 
90 of the staple driving device. In this case, an actuator shaft 
92 supports a sleeve structure 94 having a wavy- shaped end with 
3 0 peaks 96 and valleys 97. The sloped areas in between the peaks 
96 and the valleys 97 act similar to the sloped cam surfaces 70 
and 71 of the embodiment of Figures 10 and 11. 

When the surgical stapling instrument 20 is used, its shaft 22 
35 and the staple fastening assembly 24 are introduced into the 
hollow organ where the anastomosis is to be performed. General- 
ly, the end region of one part of the organ is. placed over the 
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end face 34 of the cartridge device 30, whereas the end region 
of the other part is placed over the anvil 32 such that the 
anvil shaft 48 protrudes and connects or can serve to connect 
the anvil 32 to the cartridge device 30, By means of the moving 
5 device mentioned above, which is operated via the knob 29, the 
anvil 32 is moved relative to the cartridge device 3 0 until the 
remaining gap between the anvil 32 and the cartridge 30 device 
is essentially filled by the tissue of both parts of the hollow 
organ. In a preferred embodiment of the surgical stapling in- 

10 strument, it is possible to adjust the size of this gap in a 
well-defined manner. Thereafter, the staple driving device 60 is 
actuated by means of the actuator grip 28 in order to drive the 
staples out of the cartridge device 30 towards the anvil 32. The 
pointed ends of the staples penetrate the tissue in-between and 

15 are bent by the anvil 32 so that the staples are closed. After- 
wards, the knife actuating device moves the knife 50 towards the 
anvil 32 so that the cutting edge 52 of the knife 50 penetrates 
the tissue. The knife actuating device is coupled to the staple 
driving device so that only actuator grip 28 has to be operated 

20 in order to perform the functions of stapling and cutting the 
tissue almost simultaneously. The presence of two closed rows of 
staples, which are staggered with respect to each other, ensures 
a reliable connection of both parts of the hollow organ. 

25 At the end of the procedure, the surgical stapling instrument 20 
can be retracted after the gap between the cartridge device 30 
and the anvil 32 has been increased in order to release the 
clamping action. The shape of the closed rows of staples provi- 
des a relatively large overall length of the staple lines, so 

3 0 that the tissue at the anastomotic site can yield and the anvil 
32 can be easily moved through the opening created by the cut- 
ting edge 52 of the knife 50. The excised tissue portion remains 
in the surgical stapling instrument 20. 
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Claims 

1. A surgical stapling instrument comprising: 

- a frame having a body portion (22) and a handle (26), 

- a staple fastening assembly (1, 5; 24) in the distal 
region of said instrument, the staple fastening assembly (1, 
5; 24) including a cartridge device (5; 30), which comprises 
at least one closed row of staples, and an anvil (1; 32), 
which is movable relative to the cartridge device (5; 30) 
and is adapted to cooperate with the cartridge device (5; 
30) for forming the ends of the staples exiting from the 
cartridge device (5; 30), 

- a moving device adapted to move the anvil (1; 32) relative 
to the cartridge device (5; 30), 

- a staple driving device (60; 90) adapted to drive the sta- 
ples out of the cartridge device (5; 30) towards the anvil 
(1; 32), 

- a knife (7; 50), which has a closed cutting edge (52), is 
contained within the cartridge device (5; 30) and is 
positioned such that there is at least one closed row of 
staples on the outside of the cutting edge (52) , and 

- a knife actuating device adapted to move the knife (7; 50) 
towards the anvil (1; 32) , 

- characterized in that the line defining the closed row of 
staples has a wavy shape (6; 34), leaving a plane 
perpendicular to the longitudinal axis of the staple 
fastening assembly (1, 5; 24) , such that said line defining 
the closed row of staples has a larger total length than the 
projection of said line onto said plane. 

2. Stapling instrument according to claim 1, characterized in 
that said projection of said line defining the closed row of 
staples onto said plane perpendicular to the longitudinal 
axis of the staple fastening assembly (1, 5'; 24) is 
circular. 
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3. Stapling instrument according to claim 1 or 2, characterized 
in that the anvil (1; 32) has a wavy-shaped staple- forming 
surface (2; 36) which matches the wavy shape (6; 34) of said 
line defining the closed row of staples . 

4. Stapling instrument according to one of claims 1 to 3, 
characterized in that the line defining the cutting edge 
(52) of the knife (7; 50) is wavy-shaped und runs 
essentially in parallel to said line defining the closed row 
of staples. 

5. Stapling instrument according to one of claims 1 to 4, 
characterized in that the staple driving device (60; 90) is 
adapted to drive the staples out of the cartridge device 
(30) such that each staple is moved essentially along a line 
which is locally perpendicular to said line defining the 
closed row of staples. 

6. Stapling instrument according to claim 5, characterized in 
that the staple driving device (60) comprises first pushers 
('66, 67) adapted to be moved essentially parallel to the 
longitudinal axis of the staple fastening assembly (24) for 
driving the staples (72) located at the peaks and/or in the 
valleys of the wavy- shaped line defining the closed row of 
staples . 

7. Stapling instrument according to claim 5 or 6, characterized 
in that the staple driving device (60) comprises second 
pushers (68) having a sloped cam surface (70, 71) , each 
engaging at an intermediate element (86) , which is guided in 
a slot (84) and adapted to push a staple (80) guided in a 
slot (84) , wherein the staple driving device (60) is adapted 
to move the second pushers (68) essentially parallel to the 
longitudinal axis of the staple fastening assembly (24) for 
driving staples (80) located in the areas between the peaks 
and the valleys of the wavy- shaped line defining the closed 
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row of staples via the intermediate elements (86) in a non- 
parallel manner with respect to said longitudinal axis. 

8. Stapling instrument according to claim 7, characterized in 
5 that each second pusher (68) has two sloped cam surfaces 

(70, 71) and is adapted to drive two staples (80) towards 
the anvil (32), in different directions. 

9. Stapling instrument according to claim 6 and to claim 7 or 
10 8, characterized in that the first pushers (66, 67) are 

arranged to drive the staples of a first closed row of 
staples and the second pushers (68) are arranged to drive 
the staples of a second closed row of staples, the staples 
of said first row and of said second row being staggered to 
15 each other. 

10. Stapling instrument according to claim 9, characterized in 
that the staple driving device (60) is arranged to drive the 
staples of the first closed row of staples and the staples 

20 of the second closed row of staples at different instants. 

11. Stapling instrument according to one of claims 6 to 10, 
characterized in that the first pushers and/or the second 
pushers are integrally combined in a sleeve structure (94) . 



25 



30 



35 



12. Stapling instrument according to one of claims 1 to 11, 
characterized in that the anvil (32) comprises a counterpart 
(56) adapted to accomodate the cutting edge (52) of the 
knife (50) . 

13. Stapling instrument according to one of claims 1 to 12, cha- 
racterized in that the staple fastening assembly (24) is 
removably mounted in the distal end region of the body 
portion (22) . 

14. Stapling instrument according to one of claims ! to 13, cha- 
racterized in that the anvil (1; 32) is removable. 
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15. Stapling instrument according to claim 14, characterized in 
that the anvil (1; 32) comprises a shaft (3; 48) fitting 
onto a peg (4) protruding from the cartrige device (5; 30), 
which peg (4) preferably comprises a mandrel. 

5 

16. Stapling instrument according to one of claims 1 to 15, cha- 
racterized in that the cartridge device (5; 30) comprises a 
removable cartridge containing the staples. 

10 17. Staple fastening assembly, characterized by the features of 
the staple fastening assembly (1, 5; 24) as defined in one 
of claims 1 to 16 . 

18. Anvil, characterized by the features of the anvil (1; 32) as 
15 defined in one of claims 1 to 16. 

19. Knife, characterized by the features of the knife (7; 50) as 
defined in one of claims 1 to 16. 

20 20. Cartridge device, characterized by the features of the 
cartridge device (5; 30) as defined in one of claims 1 to 
16. 



25 



21. 



Cartridge, which is adapted to the stapling instrument ac- 
cording to claim 16. 
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